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© Magnetic stirrer apparatus with improved stirring action. 

© Apparatus for stirring liquid such as a culture 
medium comprising a flask, buoyant, magnetically 
attractable stirrer means for stirring liquid medium in 
the flask and means for rotating said stirrer means, 
characterised by means (30,40) for guiding the stir- 
rer means (24) for rotation about an axis as the 
stirrer is rotated by said rotating means and at 
different levels of liquid in said flask, and by means 
(26) for permitting an unobstructed flow of liquid in a 
region along the axis of the flask extending upwardly 
from the bottom thereof. 
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MAGNETIC STIRRER APPARATUS WITH IMPROVED STIRRING ACTION 



The invention relates to a magnetically driven 
stirrer apparatus, particularly one wherein the stirrer 
is buoyant 

U.S. Patent Specification No. 4,465, 377 dis- 
closes apparatus for stirring liquid material, specifi- 
cally culture medium. As therein noted, liquid cul- 
ture medium provides for the growth of cells from 
nutrient which are contained in the medium. The 
stirring action which is to be imparted to such 
liquid culture medium is not a violent stirring, but is 
a gentle stirring, having as goals not only the 
stirring of the liquid culture medium and exposure 
of all cells to the gas above the liquid surface, but 
the avoidance of damage to the cells, such as 
would be occasioned by violent agitation, or by 
crushing of cells, as between two relatively moving 
_ parts. In that specification, there is disclosed a 
flask, with a buoyant, magnetically actuable stirrer 
within the flask, and a guide rod or shaft extending 
generally axially of the flask from top to bottom, the 
stirrer being movable along the guide rod or shaft 
as the liquid level is varied within the flask. The 
floating stirrer in some embodiments comprises a 
magnetic element, and on the exterior of the flask 
there is provided means for generating a rotating 
magnetic field to cause rotation of the magnetic 
element and the buoyant stirrer of which it forms a 
part In some embodiments, a guide rod, supported 
irr a lid of the flask, extends to the bottom of the 
flask, and passes through the buoyant stirrer. In 
another embodiment, a rotatable drive shaft is sup- 
ported from the lid, and has a floating stirrer drivin- 
gly connected to it for rotation with it. the driving 
connection permitting movement of the stirrer 
along the drive shaft as the liquid level changes. 

The above-noted patent makes reference to a 
number of preceding patents, which are incorpo- 
rated herein by reference. 

The structure disclosed in Patent Specification 
No. 4.465.377. while generally providing for sat- 
isfactory operation, has been found to require im- 
provement For example, although the structure 
provided in that patent specification is constructed 
so that there is reduced danger of the crushing of 
cells as between relatively movable elements, the 
construction has not proven as free of risk as is 
desirable. In that construction, for example, the 
engagement between the structure of the floating 
stirrer and the guide rod or shaft was above the 
level of the liquid. While this construction mini- 
mized the risk of cell damage by liquid entering 
between the rod or shaft, on the one hand, and the 
floating stirrer on the other hand, the risk of crush- 
ing the cells was not completely eliminated. 



A further improvement which is desirable is in 
connection with the flow of the liquid in the flask- 
The rotation of a buoyant stirrer effects approxi- 
mately to a "Thomson Secondary flow." causing 
5 liquid to be directed generally outwardly by the 
stirrer, the liquid then striking the walls of the flask 
and travelling downwardly towards the bottom and 
then spiralling upwardly along and about the axis of 
the flask to the stirrer, thereby providing for circula- 
10 hon and stirring of substantially all of the liquid 
culture medium in the flask. This is important since 
it is highly desirable that all of the cells, or as a 
high proportion of the cells as is possible, be 
exposed to the gaseous atmosphere which exists 
'5 at the gas-liquid interface in the flask. 

It is an object of the invention to seek to 
mitigate the disadvantages of the prior art. 

According to one aspect of the invention there 
is provided apparatus for stirring liquid such as a 
20 culture medium comprising a flask, buoyant, mag- 
netically attractable stirrer means for stirring liquid 
medium in the flask and means for rotating said 
stirrer means, characterised by means for guiding 
the stirrer means for rotation about an axis as the 
as stirrer is rotated by said rotating means and at 
different levels of liquid in said flask, and by means 
for permitting an unobstructed flow of liquid in a 
region along the axis of the flask extending upwar- 
dly from the bottom thereof. 
30 According to a second aspect of the invention 
there is provided apparatus for stirring liquid such 
as a culture medium comprising, a flask, buoyant 
magnetically attractable stirrer means for stirring 
liquid medium in the flask and means for rotating 
35 the stirrer means, characterised by means for guid- 
ing the stirrer means for rotation about an axis as 
the stirrer is rotated by the rotating means and at 
different levels of liquid in said flask comprising 
means only above the liquid level in said flask. 
<o According to a third aspect of the invention 
there is provided apparatus for stirring liquid such 
as culture medium wherein a flask has a buoyant 
magnetically attractable stirrer therein, means ex- 
teriorly of said flask for generating a moving mag- - 
45 netic field to rotate said stirrer, and guide structure 
in said flask for guiding said stirrer for rotational 
movement about an axis and for movement along ' 
said axis as the liquid level in the flask changes 
the improvement characterised in that the stirrer 
so comprises only continuous impeller means extend- 
ing outwardly from the rotational axis of the stirrer 
for causing movement of liquid in the flask. 
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The present invention is thus directed to a 
magnetic stirrer apparatus which includes a flask, a 
floating magnetic stirrer, means for causing rotation 
of the stirrer, such as means for generating a 
moving magnetic field, and, further, provides for 
guiding of the buoyant stirrer so that it rotates 
about an axis extending through the flask, generally 
perpendicularly to the liquid surface, and is able to 
move along that axis with change in liquid level. 

The guiding may be effected by a guide struc- 
ture which includes, in a preferred embodiment, a 
guide rod extending only upwardly from the buoy- 
ant stirrer, and into a tube carried by the flask, 
particularly by a lid on the flask. The tube earned 
by the flask may have its lower end positioned 
sufficiently above the highest level of the liquid in 
the flask so that there may be no significant nsk 
that liquid, including cells, will ever engage coop- 
erating surfaces of the guide rod and guide tube. In 
this embodiment, there is no structure extending 
below the buoyant stirrer, and the stirrer may ex- 
tend without a gap across the axis of rotation. 

In an alternate embodiment, the buoyant stirrer 
may be provided with a central depending tube, 
closed at its lower end, so that the tube may have 
no liquid within it. The lower end of the tube may 
be substantially above the bottom of the flask. 

A guide rod may be fixed to the flask, prefer- 
ably to the lid of the flask, and may extend adja- 
cent the depending tube. 

The invention therefore provides a magnetic 
stirrer apparatus having bearing surfaces of guide 
means located so that there may be no substantial 
risk of cells becoming crushed between the bear- 
ing surfaces, an enhanced, substantial idealistic 
liquid circulation, and a buoyant magnetic stirrer 
which will provide for enhanced fluid flow, without 
disturbance of the natural circulation pattern of a 
floating rotating stirrer. 

Magnetic stirrer apparatus embodying the in- 
vention are hereinafter described, by way of exam- 
ple, with reference to the accompanying drawings. 

Rg. 1 is a perspective view of one embodi- 
ment of a magnetic stirrer apparatus in accordance 
with the present invention; 

Fig. 2 is a cross-sectional view taken on the 

line 2-2 of Fig. 1; 

Fig. 3 is a cross-sectional view taken on line 

3-3 of Rg. 2; 

Rg. 4 is a cross-sectional view taken on the 

line 4-4 of 

Rg. 2; 

Rg. 5 is a cross-sectional view, with parts 
broken away, taken on the line 5-5 of Rg. 4; 

Rg. 6 is a cross-sectional view, with parts 
broken away, showing another embodiment of 
magnetic stirrer apparatus according to the inven- 
tion; 



Rg. 7 is an elevational view, with parts in 
section, of yet another embodiment of magnetic 
stirrer apparatus in accordance with the invention; 
Rg. 8 is a perspective, exploded view of 
s parts of the apparatus shown in Rg. 7; 

Fig. 9 is a cross-sectional view taken on the 
line 9-9 of 

Fig. 7; and 

Rg. 10 is a cross-sectional view taken on the 

10 line 10-10 of Rg.9. 

Referring to the drawings, wherein like or cor- 
responding reference numerals are used for like or 
corresponding parts throughout the several views, 
there is shown in Rg. 1 a magnetic stirrer appara- 
ts tus 10 including a flask 12 and a lid 20. A support 
base 14 is provided for the flask 12, and a plurality 
of rods or poles 16 are provided, the pole 16 being 
made of magnetizable material, and each having a 
coil 18 near the bottom thereof. The coils 18 are 
20 connected to electric circuitry in known manner to 
create a rotating magnetic field which extends into 
the flask 12. The poles 16 may have horizontal 
portions 16a which extend beneath the support 
base 14, as shown in Rg. 2. 
25 Also shown in Rg. 2 is the flask 12, which is of 

generally cylindrical configuration, having a bottom 
12a, and a peripherally extending lip 12b. On the 
lip 12b, there may be seen the lid 20 by which it is 
supported. 

30 A floating magnetic stirrer 22 is provided, 
which includes a generally cylindrical hollow mem- 
ber 24 to the bottom which is attached a magnetic 
bar 28. 

A guide rod 30 extends upwardly from tne 
35 upper surface of the member 24. As shown in Rg. 
3, the member 24 is cylindrical, and the guide rod 
30 is placed on and extends along the axis of 
cylindrical hollow member 24. As shown in Fig. 2, 
the guide rod 30 is attached to cylindrical hollow 
40 member 24 by means 32, which may be welding, 
when the cylindrical hollow member 24 and the 
guide rod 30 are of, for example, stainless steel. 

Referring to Rg. 4, it will be seen that the bar 
magnet 26 extends diametrically across the lower 
45 surface of the cylindrical hollow member 24. 

The bar magnet 26 functions as a stirrer or 
impeller and is continuous from end to end thereof, 
having no gap at the axis of rotation. 

• The lid 20 has a central aperture 34 therein, 
so and a guide tube 40 extends through the lid 20. 
being secured to it by attachment means 42, which 
may be welding, solder, adhesive, etc.. depending 
upon the materials of which lid 20 and guide tube 
40 are made. Guide tube 40 is closed at its upper 
55 end 44, its lower end 46 being at a location which 
is above the upper surface of the cylindrical hollow 
member 24 and the attaching means 32 at the 
highest level to which the liquid L in flask 12 will be 
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permitted to rise. The flask is partially but not 
completely filled, and after stirring, a small part of 
the liquid culture medium may be withdrawn, and 
replaced by a substantially equal amount of liquid- 
hence, the liquid level varies somewhat, but within 
a limited range, such as approximately the middle 
third of flask 12. 

As shown in Fig. 3. the guide rod 30 extends 
into the guide tube 40 with some small clearance 
This permits the guide rod 30 to move axially 
within guide tube 40, and also permits the guide 
rod 30 to move laterally within the guide tube 40 
Guide tube 40 may be of stainless steel, plastic' 
etc.. and if it is of plastic, may be either clear or 
opaque. 

As shown in Fig. 5. the magnetic bar 26 is of 
known construction, being magnetized steel of oc- 
tagonal cross-sectional shape. It is provided with a 
Teflon (Registered Trade Mark) sheath 26a which 
is coated with silicone layer 26b, the latteT being 
adhered by adhesive 28 to the "bottom surface of 
the cylindrical hollow member 24. 

In operation, the floating stirrer 22 and liquid L 
are provided in the flask 12, after which the lid 20 
is positioned above the upper end of guide rod 30 
and lowered so that the guide rod 30 extends into 
the guide tube 40, lid 20 engaging the lip 12b of 
flask 12. The rotating field generating means in- 
cluding poles 16 and coils 18 is energized, to 
produce a rotating magnetic field which causes the 
magnet 26 to rotate. Magnet 26, which functions as 
an impeller and which is the lowest part of the 
buoyant stirrer 22. causes stirring of the liquid L 
within the flask 12 in the manner above discussed 
that is by impelling the liquid outwardly to the walls 
of flask 12 and then downwardly to the bottom 12a 
and then upwardly, generally along and about the 
axis of flask 12. As is apparent, the portion of guide 
rod 30 and guide tube 40 which are axially co- 
extensive are remote from the upper surface of the 
liquid L so that there is no significant risk of liquid 
culture medium L entering between such surfaces 
thereby avoiding any possibility of crushing of cells' 
«n the liquid L. Additionally, since there is no struc- 
ture below the magnetic impeller 26, and since it is 
continuous and without a gap, there is no obstruc- 
tion to axial upward flow, so that the flow of the 
liquid, which defines the interface between the liq- 
uid L and the gaseous medium above rt and are 
there exposed to the gaseous medium. 

In Fig. 6 there is shown a portion of an al- 
ternate embodiment of a stirrer apparatus 50, the 
flask 12 being shown broken away, and the poles 
16 and coils 18 being omitted for clarity. In the 
apparatus 50. a buoyant stirrer 52 is provided 
compnsing a cylindrical hollow member 54 having 
a guide tube 60 extending therethrough, preferably 
along the axis thereof. The upper end 62 of guide 



tube 60 is at the upper surface of the cylindrical 
hollow member 54, guide tube 60 having a closed 
lower end 64, and being in sealing engagement 
with the upper wall 54a and the lower wall 54b of 
s the cylindrical hollow member 54. The cylindrical 
hollow member 24 is thereby hermetically sealed 
providing a float and the guide tube 60 is not 
subject to having any of the liquid I enter into -it 
To the bottom of the hollow cylindrical member 54 
to there are secured a pair of substantially parallel 
spaced bar magnets 26. which serve as both mag- 
netic field driven member and as impellers Bar 
magnets 26 are each continuous, and are closely 
adjacent the guide tube 60. 
is The lower end 64 of guide tube 60 is substan- 
tially above the bottom 12a of flask 12. so that, as 
m the first embodiment, there is unobstructed flow 
of liquid in the region along and about the axis of 
the flask which extends upwardly from the bottom 
20 12a. This unobstructed region changes length with 
changes in liquid level, but is of substantial extent 
even at the lowest level of liquid L, so that the 
circulatory flow is at or close to ideal, providing 
exposure of substantially all cells to the gaseous 
25 medium. 

A lid 20' is provided, having a guide rod 70 
extending downwardly from the central part thereof 
and into the guide tube 60. 

In operation, the stirring apparatus 50 functions 
30 similarly to the stirrer apparatus 10 of Figs 1 to 5 
The buoyant stirrer 52 is caused to rotate the 
magnet-impellers 26 causing the above-noted out- 
ward flow of fluid to the walls of the flask 12 from 
closely adjacent the axis of rotation. Because of the 
as provision of the region of unobstructed flow above 
the bottom 12a on the flask axis and the impellers 
without gaps, the circulatory stirring motion will be 
at most minimally disrupted from the ideal or close 
to ideal pattern achieved by the apparatus 10 
<o Apparatus 50 even with depending tube 60 never- 
theless provides for substantial circulation so that 
substantially all of the cells in the liquid L are 
exposed to the gaseous medium above the surface 
thereof. Guidance of the buoyant stirrer 52 is pro- 
"5 vided by the guide rod 70 entering Into the guide 
tube 60. s 

Referring to Fig. 7, there is shown a magnetic 
stirrer apparatus 80, which is generally similar to . 
the apparatus 10 shown in Fig. 1, differing there- 
so from in the construction of the floating magnetic 

stirrer 82 which is within a flask 12. having a lid 20 ' 
thereon, which supports guide tube 40, which latter 
receive the guide rod 30 attached to the magnetic 
stirrer 82. 3 

ss Referring to Fig. 8. the magnetic stirrer 82 will 
be seen to comprise an upper cup-shaped member 
84 having a flange 86, and a lower cup-shaped 
member 84a having a flange 86a. A bar magnet 85 
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is secured to the lower cup-shaped member 84a 
by straps 88 which are attached to the inner sur- 
face of the bottom wall of cup-shaped member 
84a. As shown in Fig. 9, the flanges 86 and 86a are 
in abutting relationship, and are secured together 
as for example by welding, to provide a hollow 
member which, together with magnet 85 there- 
within, is buoyant. Attached to the undersurface of 
the buoyant member formed by the cup-shaped 
members 84 and 84a is an impeller 90, which is 
formed as a single continuous blade extending 
through and outwardly of the axis of rotation of the 
floating magnetic stirrer 82 when rotated by the 
magnetic field of poies 16, and when guided by the 
guide rod 30 and guide tube 40. The impeller 90 
may have a shape selected to provide optimum 
fluid movement. As shown in Figs. 9 and 10, the 
impeller 90 includes a horizontal flange 92 which is 
secured to the bottom surface of the cup-shaped 
member 84a. 

In operation, the stirrer apparatus 80 functions 
similarly to the stirrer apparatus 10. The aforemen- 
tioned Thomson flow is effected by the continuous, 
uninterrupted impeller 90 attached to and forming a 
part of the floating magnetic stirrer 82. The magnet 
85 is housed within the hollow member provided 
by the opposed cup-shaped member 84 and 84a. 

There has been provided an improved stirring 
apparatus, wherein, in a first embodiment, all of the 
guide structure is in the gaseous atmosphere 
above the liquid and the flask, and is above the 
floating magnetic stirrer; the impeller provided by a 
bar magnet is continuous, being without a gap at 
the axis of rotation. There is thereby achieved ideal 
or close to ideal fluid stirring and circulation and no 
practical risk of crushing of cells of a liquid culture 
medium. 

In a second embodiment, a guide structure is 
provided which extends less than the full distance 
between the floating magnetic stirrer and the bot- 
tom of the flask, leaving an unobstructed fluid flow 
region along the axis above the bottom of the flask 
with a pair of continuous impellers, so that im- 
proved stirring and liquid circulation is achieved in 
comparison to prior art devices, and there being 
only a low risk of cell damage, as by crushing 
between surfaces of the guide elements. 

In a third embodiment, the floating stirrer com- 
prises a hollow member with a magnet within it. 
and having a continuous blade depending from the 
bottom of the member. 



Claims 

1. Apparatus for stirring liquid such as a culture 
medium comprising a flask, buoyant, magnetically 
attractable stirrer means for stirring liquid medium 



in the flask and means for rotating said stirrer 
means, characterised by means (30,40,60,70) for 
guiding the stirrer means (24) for rotation about an 
axis as the stirrer is rotated by said rotating means 
and at different levels of liquid in said flask, and by 
means (26) for permitting an unobstructed flow of 
liquid in a region along the axis of the flask extend- 
ing upwardly from the bottom thereof. 

2. Apparatus according to claim 1 , characteris- 
ed by the guiding means comprising a guide rod 
(30) and a guide tube (40) and by means (32,42) 
for connecting one of the guide elements (30,40) to 
the buoyant stirrer (24) and the other of said guide 
elements to the flask (1 2). 

3. Apparatus according to claim 2, characteris- 
ed by the means (26) comprising the lowest part of 
said buoyant stirrer means (24) and by the guide 
means (60,64) being spaced from the bottom of the 
flask (12). 

i 4. Apparatus according to claim 3, charactens- 

ed by buoyant stirrer means (24) comprising a 
continuous impeller (40) extending outwardly from 
the axis of rotation. 

5. Apparatus according to claim 4, characteris- 
5 ed by the connecting means (32,42) connecting the 

guide rod (30) to the buoyant stirrer means (24). 

6. Apparatus according to claim 5, characteris- 
ed in that the connecting means (32,42) connects 
the guide tube (40) to the buoyant stirrer means 

o (24) and in that the lowest part of the stirrer means 
comprises the lower end (64) of the guide tube. 

7. Apparatus for stirring liquid such as a culture 
medium comprising, a flask, buoyant, magnetically 
attractable stirrer means for stirring liquid medium 

*s in the flask and means for rotating the stirrer 
means, characterised by means (30,40) for guiding 
the stirrer means (24) for rotation about an axis as 
the stirrer (24) is rotated by the rotating means 
(18,26) and at different levels of liquid in said flask 

40 comprising means only above the liquid level in 
said flask. 

8. Apparatus according to claim 7, characteris- 
ed In that the last mentioned means comprise first 
(10) and second (40) guide elements, and in that 

45 the guide element (30) is attached to and extends 
upwardly from the stirrer means (24). 

9. Apparatus according to claim 8, characteris- 
ed by means (20) carried by the flask (12) for 
supporting the second guide element (40). 

so 10. Apparatus according to claim 9, charac- 

terised by the flask (12) comprising a vessel (12) 
having a lip (12b) defining an opening, and by the 
guide element supporting means (20) engaging the 
lip (12b). 

55 11. Apparatus according to claim 8, cnarac- 

* terised by the flask (12) having a lid (20), and by 
the other guide element (40) being carried by the 
lid (12). 
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12. Apparatus according to claim 8, charac- 
terised by the first guide element (30) comprising a 
rod (30), by the second guide element (40) com- 
prising tubular means for slidably receiving the rod 

(30) therein, and by means (20) for supporting the 5 
tubuiar means (40) on the flask (12). 

13. Apparatus according to claim I2 f charac- 
terised by the tubular means (40) rotatably receiv- 
ing the rod (30) therein. 

14. Apparatus according to claim 8, charac- to 
tensed by the first guide element (30) comprising a 

rod, by the second guide element (40) comprising 
tubuiar means for rotatably and slidably receiving 
at least a part of the rod (10) therein, and by 
means (20) for supporting said tubular means on is 
the flask (12). 

15. Apparatus according to claim 14, charac- 
terised by the last mentioned means (20) compris- 
ing a lid engaging the flask (12). 

16. Apparatus according to claim 15, charac- 20 
terised by the tubular means (40) extending 
through the lid (12). 

17. Apparatus according to claim 14, charac- 
terised by the tubular means (40) having a closed 
upper end (44). 2g 

18. Apparatus according to claim 7, charac- 
tensed by the stirrer means (24) comprising a 
continuous impeller (90) extending outwardly from 
the rotational axis thereof. 

19. Apparatus according to claim 18, charac- 30 
tensed by the stirrer means (24) comprising a 
hollow member, and by the impeller comprising a 

bar magnet (26) attached to the bottom of the 
hollow member. 

20. Apparatus according to claim 18, charac- 35 
tensed by the stirrer means (24) comprising a 
hollow member, by a bar magnet (20) within said 
hollow member, and by said impeller (24) compris- 
ing a blade (9) attached to the bottom of the hollow 
member. 

21. Apparatus for stirring liquid such as culture 
medium wherein a flask has a buoyant magnetical- 
ly attractable stirrer therein, means exteriorly of 
said flask for generating a moving magnetic field to 
rotate said stirrer, and guide structure in said flask as 
for guiding said stirrer for rotational movement 
about an axis and for movement along said axis as 

the Gquid level in the flask changes, the improve- 
ment characterised in that the stirrer (24) com- 
prises only continuous impeller means extending 50 
outwardly from the rotational axis of the stirrer for 
causing movement of liquid in- the flask (12). 

22. Apparatus according to claim 21, 'charac- 
terised by guide structure (30.40) extending only 
above the stirrer (24) comprising a rod (30) extend- 55 
mg bpwardly from the stirrer (24). 



23. Apparatus according to claim 22, charac- 
, terised by the guide structure further comprising 

tubular means (40) carried by the flask (12) and 
receiving the rod (30) therein. 

24. Apparatus according to claim 23, charac- 
terised by a lid (12) on the flask (12), and by the 
tubular means (40) being carried by the lid (12). 

25. Apparatus according to claim 24, charac- 
terised by the tubular means (40) extending 
through the Jid (20). 

26. Apparatus according to claim 25, charac- 
terised by the tubular means (40) comprising a 
tube having a closed upper end (44). 

27. Apparatus according to claim 26, charac- 
terised by means for joining the tube (40) to the lid 
(20). 

28! Apparatus according to claim 27, charac- 
terised by means (34) for hermetically joining the 
tube (40) to the fid (12). 

29. Apparatus according to claim 21, charac- 
terised by the impeller means consisting of a sin- 
gle impeller, in the form of a bar magnet (26). 

30. Apparatus according to claim 21, charac- 
terised by the impeller means (24) being a blade 
(90), by the buoyant stirrer (24) comprising a hol- 
low member, and by the blade being attached to 
the bottom of the hollow member (24). 

31. Apparatus according to claim 21, charac- 
terised by the impeller means consisting of a pair 
of spaced, parallel impellers (20). 
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© Magnetic stirrer apparatus with improved stirring action. 

© Apparatus for stirring liquid such as a culture 
medium comprising a flask, buoyant, magnetically 
attractable stirrer means for stirring liquid medium in 
the flask and means for rotating said stirrer means, 
characterised by means (30,40) for guiding the stir- 
rer means (24) for rotation about an axis as the 
stirrer is rotated by said rotating means and at 
different levels of liquid in said flask, and by means 
(26) for permitting an unobstructed flow of liquid in a 
region along the axis of the flask extending upwardly 
from the bottom thereof. 
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